Summary: The method of preparing CSF and dilute serum samples for polyacrylamide gel electrophoresis has a marked effect on the pattern of the resolved proteins. The incorporation of sucrose or glycerol into the sample seriously impairs the quality of the resolution and affects the actual number of bands resolved and the relative mobility of certain proteins. The use of sucrose as an anti-convection medium in dense samples such as serum and CSF is not recommended.
Introduction
A recent major treatise on the methodology of polyacrylamide gel electrophoresis devotes four lines to the preparation of the sample for electrophoresis (1) . Other workers have described alterations in intensity of bands (2) and in gel electrophoretic patterns (3) (4) (5) as a result of incorporating tracking dyes into the system. Changes in the relative amounts of different fractions in cerebrospinal fluid (CSF) concentrated by different methods (6) and in the relative mobilities of individual protein bands in concentrated versus üüconcenträted CSF (13) have also been reported.
Large sections of papers on the methodology of pplyäcrylämide gel electrophoresis are often devoted to the conditions of polymerization of gels (1, 7) . Observations in our laboratories, where two workers studying the same samples of CSF consistently obtained differences in protein patterns despite the use of apparently identical electrophoretic methods led us to investigate the effects of differences in the preparation of the sample as well as preparation of the gel on the resulting patterns.
Materials and Methods
Vertical flat-bed polyacrylamide gel electrophoresis and immunoflxation were carried out äs previously described (8) . Polyacrylamide gel electrophoresis was performed using the same gel and electrode buffers (gel buffer tris-HCl 40 mmol/1, pH 8.3, electrode buffer tris-glycine 40 mmol/1, pH 8.9) in gel rods 12 cm long and 6 mm diameter using the method of Davis (9) but omitting the sample and spacer gels, as described by Cumings et al. (10) . Polymerization was initiated by adding an equal quantity of ammonium persulphate solution (6.1 mmol/1) to the acrylamide monomer/gel buffer mixture. Final concentrations in the gel were acrylamide 0.99 mol/1, N, -methylene bisacrylamide 11-95 mmol/1 and , , ', N'-tetramethyl ethylene diamine (TEMED) 1.93 mmol/1. The monomer/persulphate mixture was overlayered with water before polymerization.
Sets of experiments were carried out to investigate the effects of the following variations hi gel preparation: 1. Degassing of solutions was done using either a high-vacuum oil pump or a venturi-type water pump. 2. The order of mixing the gel monomer, gel buffer/TEMED and ammonium persulphate solutions was varied. A nominal 100 Mg of protein was applied to each gel. Figure 1 shows the effect of sucrose on the resolution of serum proteins at a 1:50 dilution of serum. A major change in the relative proportions of the two bands with mobilities relative to transferrin (R m ) of 0.13 and 0.19 is evident, with the faster of these bands, more prominent than the slower in the absence of sucrose (1A), becoming much less intense in the presence of sucrose (1B, 1C). There is also overall blurring of the band pattern in the presence of sucrose (IB and 1C compared with 1 A).
Results
Addition of solid sucrose to serum diluted in NaCl, 150 mmol/1, followed by rapid vortex-mixing to hasten solution, results in the appearance of an additional band (arrowed) migrating ahead of transferrin. ferrin seen from left to right in the stained gel slices. The single band seen with short vortex-mixing (slices A-E) becomes double with prolonged mixing (slices F-H). The same effect is seen when samples are vortexmixed under nitrogen or mixed by vigorous bubbling of nitrogen through the sample, indicating that oxidation is probably not a major factor in the aggregation. Figure 3 illustrates the effects of addition of sucrose or glyeerol to CSF on the polyacrylamide gel electrophoresis protein pattern. The highest resolution is obtained when native CSF is applied to the gel (3D) -individual bands are sharp and do not exhibit "trailing." The pattern of acidic protein bands (migrating between transferrin and albumin) is clearly resolved, compared with the blurring of this zone and the marked "trailing" especially of albumin in the dense samples (A-C).
Increased mobility of the pre^albumin band and the slow gamma region is apparent in the presence of sucrose (3B,3C).
Vortex-mixing to dissolve solid sucrose results in the appearance of the albumin*containing pre transferrin band'(3B).
Glycerol added to the CSF appears to have less effect on resolution (3 A) than sucrose (3B,3C) with less alteration of mobilities especially. In the course of this investigation, the following manipulations were found not to affect the final protein patterns in CSF or diluted serum:
1. application of samples under water, under gel buffer or under tank buffer, using the wick system for slab gels described by Ackroyd (11). 2. application of samples to slab gels under tank buffer without the use of a wick (8). 3. electrophoresis in gel rods vs. gel slabs (although minor differences in relative mobilities of some bands were seen). 4. slow (1mA/26 nun 2 of gel surface) vs. fast (2.5 mA/ 26 mm 2 of gel surface) entry of proteins into the gel. 5. bromophenol blue incorporation into sample, upper buffer or both. 6. uriderlayering of sample under tank buffer vs. overlayering of tank buffer on sample. 7. vigorous (high-vacuum oil pump) vs. mild (water pump) degassing of solutions. 8. varying the order of mixing of water, buffer and acrylamide monomer solutions before degassing and mixing with ammonium persulphate solution. 9. washing of the gel surface with tank buffer vs. water before sample application. 10. addition or chelatipn of iron (addition of Fe 3+ at twice the calculated molar concentration of transfeirin and of desferrioxamine at five times the concentration) 11. addition or chelation of calcium (addition of Ca 2+ to double the calculated CSF Ca 2+ concentration or of disodium EGTA at three times the calculated Ca 2+ concentration).
12. vortex-mixing of CSF in the absence of sucrose and glycerol.
Discussion
The use of sucrose in place of a large-pore gel as an anticonvection medium was first described by Fox et al. (12) and subsequently applied by Cunningham to the analysis of CSF proteins (13). Cunningham originally described changes in the electrophoretic patterns of CSF after concentration but also stated that electrophoresis of human serum in the presence or absence of added sucrose did not reveal any obvious differences. He does not indicate whether the serum was applied neat or diluted since neat serum applied in small (1-5 μΐ) volumes is not subject to the changes described here for diluted samples ( The tendency of albumin to aggregate into dimers, trimers and even higher polymers during isolation and purification from serum has been well described (16, 17) . The relatively harsh conditions of vortex-mixing samples in the presence of sucrose or glycerol and the large gasliquid interfaces so formed would also appear to induce albumin aggregation. The presence of these substances appears to be an essential factor for the aggregation process as vortex-mixing of native CSF did not result in albumin aggregation or any other changes in the protein pattern. Nor did aggregation appear to be a result of oxidation since the presence of an atmosphere of nitrogen did not prevent the appearance of the pre transferrin albumin bands. A possible mechanism of protein alteration is a combination of the effects of protein dehydration due to the high sucrose concentration and the presence of a large gas and liquid interface both of which would tend to alter the zeta potential of susceptible proteins.
The presence of sucrose or glycerol in CSF and dilute serum samples not only does not improve but actually impairs electrophoretic resolution. This is clearly illustrated in figure 3 where the best resolved and least spread protein bands are obtained from the native CSF . sample.
There is no greater technical difficulty nor tendency to mix when running buffer is layered over a native sample than when samples are made dense with sucrose or glycerol. As these substances clearly impair the resolution of the electrophoretic system, we suggest that their use can no longer be justified in polyacrylamide gel electrophoresis of CSF or dilute serum.
